SUMMARY The serum ferritin concentration was used as a screening test to identify the presence of iron overload in 599 Afrikaans subjects (300 males and 299 females) living in the South Western Cape, South Africa. Seventeen of the males with concentrations greater than 400 [tg/l were reevaluated three and five years later. Serum ferritin concentrations were measured again and further diagnostic procedures were carried out. These included an assessment of alcohol intake and measurements of serum y glutamyltransferase, the percentage saturation of transferrin, and HLA-A,-B,-C, and -DR loci typing on the subjects as well as their families. Liver biopsies were performed on some affected subjects.
members, there are four investigations in which a similar high prevalence rate has been shown in Caucasoids using epidemiological screening.201 21 24 25 The ability to detect subjects who are homozygous for the HLA linked iron loading gene using these new approaches has led to the realisation that the pattern of clinical manifestation is often considerably less severe than was apparent from previous clinical studies. 26 Many homozygous persons are asymptomatic and the classic triad of hepatomegaly, skin pigmentation, and diabetes mellitus is uncommon.5 11 18 26 If the potentially lethal HLA linked iron loading gene is as prevalent as the current evidence suggests, then concerted attempts should be made in epidemiological surveys to identify asymptomatic homozygotes by applying screening tests with a high sensitivity and predictive accuracy. In this regard, the percentage transferrin saturation and the serum ferritin concentration are of particular value. The transferrin saturation is high in the majority of affected adults, irrespective of the degree of iron overload,'7 while the serum ferritin concentration bears a linear relationship with the total stores of iron in the body9 27-29 and can therefore be used to identify subjects with iron overload.5 9 2() 21 Serum ferritin concentrations are, however, often inappropriately raised in liver disease, leukaemias, lymphomas, cancers, and inflammatory condi-283 tions, 8 31) but most of these diseases would have little impact on the results of epidemiological screening studies carried out on apparently healthy subjects in western countries. The one exception is alcoholic liver disease. The serum ferritin concentration has been shown to be significantly raised after excessive alcohol consumption-3' 32 and this might be expected to interfere with the specificity of the test. The problem can, however, be largely overcome if the level of serum y glutamyltransferase (yGT) is measured in subjects with raised ferritin levels, since we have shown that a serum ferritin concentration above 300 Zg/l is very unlikely to be the result of alcohol induced hepatic damage if the yGT is less than 50 U/l.32 In the present study the serum ferritin and yGT were used in an attempt to determine the frequency of the IHC gene in a predominantly Afrikaner population living in three districts in the South Western Cape. The We attempted to assign the 16 subjects with initial serum ferritin concentrations >400 sg/l to five diagnostic groups on the basis of the percentage transferrin saturation and yGT. The groups were as follows: (a) probable homozygotes when the transferrin saturation was greater than 60% and the yGT less than 50 U/i; (b) probable heterozygotes when the transferrin saturation was less than 60% and the yGT was less than 50 U/I; (c) alcohol abusers when the transferrin saturation was less than 60% and the yGT greater than 50 U/l; (d) a mixed group of subjects with criteria of both iron overload and alcohol abuse; and (e) a non-diagnosable group in which subjects were included who could not be fitted into the other groups.
GENOTYPE ASSIGNMENT
Brothers and sisters of an affected homozygote who possessed the same haplotypes were designated homozygous affected (HH). Sibs, parents, and offspring with one haplotype in common with the homozygote were considered heterozygous (HO). Other relatives with neither haplotype in common were considered to be homozygous normal (00).
Results

SERUM FERRITIN CONCENTRATIONS IN THE STUDY POPULATION
The serum ferritin values of the 300 male subjects were compared to those obtained in 299 females using analysis of covariance, with age as the covariate. The levels were significantly greater among the male group (F 76-5, p<0-(001). In order to examine this difference more closely the results of the serum ferritin determinations were grouped into 10 yearly age intervals from 15 to 64 years. The geometric means and standard deviation ranges for males and females are shown in the figure.
Comparisons at each age interval showed this difference to be present and highly significant in all but the youngest and oldest age groups (p<0O001 for all intervals between 20 and 59 years). was found to have been diagnosed as having IHC several years previously and had undergone repeated venesections. The raised yGT in this subject suggested that alcohol abuse may have contributed to the marked rise in the serum ferritin concentrations between 1979 and 1984. With the exception of this subject, none of the others showed any clinical manifestations of IHC. Liver biopsies were performed on two of these homozygotes and hepatic iron concentrations were found to be mildly raised in case 1 and moderately raised in case 2 (table 2), the figures obtained suggesting hepatic iron loads of about 1-5 and 4-5 g, respectively. The presence of increased iron stores of about two to three times normal was confirmed in the third subject (case 3) by submitting him to repeated venesections.
The seven subjects regarded as heterozygotes (cases 5 to 11 in table 1 and index subjects in table 3) were all clinically normal. Serum ferritin concentrations rose progressively over the period of observation in six of them (cases 5 to 10) with the mean rise being about 50% (table 1) . A marked rise in the seventh (case 11) to 3200 [tg/l was probably attributable to concomitant alcohol abuse. Liver biopsies were performed on six of the subjects and all showed increased concentrations of non-haem iron which were in the same range (± 1000 ,ug/g) as those noted in the homozygotes (table 3) . Liver architecture was normal, except for some fatty changes in two (cases 10 and 11). In all, a total of 87 relatives of identified homozygotes was examined and two homozygotes were diagnosed on the basis of chemical findings and HLA markers (table 2). The one in family 2 was the 28 year old sister of an identified homozygote. She had a transferrin saturation of 85% but no increase in the serum ferritin concentration. The other subject was a 28 year old male in family 8, whose father had been diagnosed as a heterozygote. The fact that the 28 year old son had a transferrin saturation of 75% and a serum ferritin concentration of 596 Ftg/l suggested that he was a homozygote, in In such studies it has been found that most heterozygotes can1 be identified among the relatives of iron loaded homozygotes only by inference. While the mean values for the various laboratory tests of iron metabolism have been found to be somewhat higher than normal in such heterozygotes, they tend to be closer to normal values than to those found in homozygotes.
These points have been raised in order to underline the difficulties that might be anticipated in interpreting the results obtained in any epidemiological study in which the starting point is the population at large and not clinically affected homozygotes. In this regard, there are two tests that have been shown to be of value, namely the percentage transferrin saturation and the serum ferritin concentration. The first is raised in homozygous IHC adults irrespective of the size of the body iron stores,44 while the second mirrors the size of these stores.9 Their predictive accuracy in identifying phenotypic expression in affected genotypes is obviously affected by variables which affect iron nutrition, such as age, sex, child bearing, and menstruation. Their specificity and sensitivity are also affected by the arbitrary threshold values which are chosen. In one family study a threshold value of 62% for transferrin saturation was found by discriminant analysis to have a predictive accuracy of 92% for homozygotes, while a raised serum ferritin concentration after logarithmic transformation had a predictive accuracy of only 71 %.. However, other workers have reported a normal transferrin saturation in 25% of subjects with iron overload. 46 47 In addition, Bassett et a146 found that the serum ferritin concentration is useful in the early detection of the IHC gene and has a slightly higher predictive accuracy than the transferrin saturation in screening young adults for IHC. In passing, it should be mentioned that two families have been described in which the serum ferritin was found to be normal in a number of members despite increased iron stores,48 but this seems to be rare, occurring in no more than 5% of affected families. 49 Because both tests are useful they have been combined in various ways in the four epidemiological studies that have been reported to date (table   4) .21 24 25 While comparison of the results in Canada, Sweden, and the United Kingdom are complicated by variations in the criteria that were used, the conclusions were very similar. Estimates of the number of homozygotes in the communities studied were high, with frequencies varying between 0-24 and 0-5%.
In the present study a somewhat different approach was dictated by the fact that only very small volumes of serum were initially available for analysis. This meant that it was possible to measure the serum ferritin concentration but not the serum iron and total iron binding capacity. We chose a comparatively high arbitrary threshold value for the serum ferritin of 400 ig/l because we anticipated that minor rises would often be the result of alcohol abuse and not of iron overload.3' 32 In all, 17 male subjects were identified in this way. At the outset it was realised that there are inherent dangers in using a continuously varying measure such as the serum ferritin concentration to identify homozygous IHC subjects. For this reason additional information was sought on each of those identified as having a raised serum ferritin concentration. Firstly, serum ferritin concentration was measured on a further two occasions over the following five years in all except the one subject who had died. Secondly, alcohol abuse was identified by direct questioning and repeated yGT estimations. Thirdly, the transferrin saturation, a sensitive measure of homozygosity in adults,44 was estimated on at least two occasions.
Finally, the subjects were evaluated clinically to exclude intercurrent illness. Subjects with raised ferritin concentrations were assigned to one of several categories, the most important of which were homozygosity, heterozygosity, alcohol abuse, and a combination of alcohol abuse plus one of the other categories. Eleven subjects, four homozygotes and seven heterozygotes, were diagnosed in the initial survey as carrying the HLA linked iron loading gene and a further two homozygotes and 37 heterozygotes (33 definite and four probable) were diagnosed in studies on the families of affected subjects. The distinction between homozygosity and heterozygosity was based on the transferrin saturation, since the ferritin concentration alone did not discriminate between the two groups. Liver biopsies were done on eight of the index cases and on four of their relatives. The hepatic iron load in homozygotes was moderately raised, as it was in several of the heterozygotes. The fact that phenotypic expression in subjects identified as homozygotes was so similar to that in some heterozygotes may well be due to the fact that the threshold value for the serum ferritin concentration was set at the relatively high value of 400 sg/l. This approach would be expected to identify a small subset of heterozygotes with biochemical abnormalities overlapping with a mild asymptomatic homozygote population. Some support for this contention is supplied by the data of Bassett et a/So on serum ferritin concentrations in heterozygotes diagnosed in family studies. Fewer than 10% of male heterozygotes had serum ferritin concentrations greater than 400 ,ug/l. In the same study they noted that there was no tendency for iron to accumulate in the body in heterozygotes followed over a 16 year period. Our 
